O steoarthritis of the wrist is a complication of a number of common traumatic conditions. Arthrodesis of the radiocarpal joint, proximal row carpectomy and excision of the scaphoid, combined with midcarpal arthrodesis, have all been reported as surgical options. There have been no randomised studies comparing these procedures, and the feasibility of conducting this type of trial is limited.
Decision-making in everyday clinical practice involves an analysis of the benefits and harm of different forms of treatment. Clinical decisions are always associated with some uncertainty because of biological variation and the fact that the quality of the scientific literature, on which decisions are based, varies. When the scientific evidence is either lacking or conflicting, the degree of uncertainty is increased.
Evidence-based practice is increasingly demanded, not only by clinicians, but also by patients, insurers and government policy-makers. A randomised clinical trial remains the method of choice for establishing the best evidence for a given clinical practice. In some disciplines, however, such as orthopaedic surgery, this type of study is rarely performed. Adequate randomised trials may not be feasible, especially when surgical procedures are being compared and when they are carried out, the results may not be generally applicable. There are very few examples of wellplanned and executed randomised trials in the orthopaedic literature. 1, 2 Decision analysis is a method of quantitative evaluation of the factors involved in choosing a given strategy from a group of possible actions. 3 It requires the construction of a model that includes all known facets and outcomes of the clinical problem. The nature of the model allows users of the information to assess the validity of its assumptions, and also enables a sensitivity analysis to be carried out of the variables which are included in the model. This tests the stability of the conclusions reached by the model when each of its variables may change over the entire range of plausible values. In this way the model may provide greater insight into the relevance of each of the variables to the conclusions generated by the analysis. In the absence of valid evidence from a randomised clinical trial, decisionanalysis models may be useful in deciding the best management of an individual patient. They may be even more valuable in their ability to guide clinical policy in a group of patients with a given condition. Health-care policy analysts may use decision-analysis models to guide strategies for the care of populations. Whether used for an individual patient or in the context of a group, the decision-analysis model expresses its conclusion in terms of the average expected result. This may be interpreted in terms of years of life gained, days of treatment required, cost, or any of a number of variables, depending on the context of the problem.
In osteoarthritis of the wrist, arthrodesis of the radiocarpal joint, 4 proximal row carpectomy (PRC) [5] [6] [7] [8] [9] [10] [11] and excision of the scaphoid with midcarpal joint arthrodesis (MID) [12] [13] [14] [15] have been advocated for treatment, but there is no consensus as to which is best overall 16 (Table I ). There have been no randomised clinical trials which have compared the procedures and the feasibility of planning such trials is limited. We have therefore used decision analysis to evaluate the three procedures.
Materials and Methods
We performed decision analysis using SMLTREE (JP Hollenberg, Roslyn, New York), a PC-based software package. For the purposes of setting up the decision tree the following assumptions were made: osteoarthritis was limited to the radioscaphoid and scaphocapitate joints; non-operative treatment had failed; a surgical procedure was indicated; there were no contraindications to any of the three procedures; and failure of either of the two procedures which preserved movement would require conversion to an arthrodesis. An outcome was defined as good or bad solely on the basis of whether or not there was relief from pain. Basic tree structure. Each of the possible reconstructive options is represented in Figure 1 . The first branch for each option represents the probability of complications related to treatment. The next set of branches defines the probability of a good or bad outcome, with or without complications for each treatment. The fusion subtree follows the bad outcome branch for both PRC and MID, with or without complications, because of the assumption that fusion was required if either of the other two procedures failed. Each potential treatment outcome was assigned a utility. This is a measure of the desirability of a health state on a scale of 0 to 1.0, where 0 represents death and 1 represents perfect health. Patient preferences for different health states can be estimated using a variety of techniques, which include the time-trade-off and standard-gamble methods. 17 Representative examples of utility values are listed in Table II .
The concept of disutility is the converse of utility and Table I . A summary of the major advantages and disadvantages of arthrodesis of the wrist (fusion), excision of the scaphoid with midcarpal joint arthrodesis (MID) and proximal row carpectomy (PRC). Basic structure of a decision tree.
Procedure Advantages Disadvantages
represents a transient health state that temporarily downgrades the quality of life. For the example of wrist reconstruction, disutilities include perioperative discomfort and inconvenience, including hospitalisation and immobilisation. A disutility can also be established for the complications specific to each treatment. For example, drainage from a pin site would be a temporary state associated with quantifiable disutility. The utility of each outcome has subtracted from it the disutilities associated with any of the short-term states during treatment. For example, the overall expected value of a wrist arthrodesis would be the utility of arthrodesis (the desirability of a completely stiff but painfree wrist), minus the disutility of the procedure (surgical wounds, perioperative pain, hospitalisation, immobilisation, etc) and minus the disutility of complications of the procedure (the negative impact if complications such as nonunion or osteomyelitis occur). Probabilities, utilities and disutilities. There are few reliable data in the literature to aid the estimation of values for the probabilities of various outcomes associated with these procedures. Some information about the incidence of complications has been reported in a few series. Most of the values used in our study were chosen from published reports and clinical experience (Table III) . 18 The probability of complications for each treatment was estimated by considering the risk of individual complications for the three procedures and summing them to establish an overall rate. For example, the probability of wound infection for any procedure on the wrist was estimated to be about 0.01. The probability of complications related to a donor site for a bone graft was determined to be about 0.05. The rate of pin-track complications was set at 0.05. Using these figures the probability of complications associated with fusion was estimated to be 0.07, for the MID procedure 0.11 and for PRC 0.01. Therapy after surgery was thought to be equivalent for all three procedures.
A similar process for estimating the probabilities of unsatisfactory outcomes was used. The success of any of these procedures was arbitrarily defined as the relief of pain for 20 years. The probability of a bad outcome after a wrist arthrodesis is only directly related to the rate of nonunion. The literature is relatively consistent in reporting the probability of this complication as 0.05. 4 The probability of failure of a fusion was thought to be incrementally higher if there was a perioperative complication such as a wound infection, and was assigned a value of 0.06. Our interpretation of the relevant literature is that the durability of procedures which preserve movement is substantially less than that of a fusion because of the alteration of biomechanical forces transmitted across the wrist, and the theoretical increased risk of further degenerative changes. 16, 19 The probability of this unsatisfactory outcome was estimated to be 0.10 for MID and 0.25 for PRC. A slightly higher risk of failure was assigned to each procedure if the initial operation was associated with any type of complication (Table III) . The estimation of utility of each of the health states was based on published guidelines for determining impairment, 20 permanent disability and assessments of utility in individual patients with arthritis of the radiocarpal joints. Chronic pain in the wrist, while potentially disabling for many vocational and recreational activities, is not lifethreatening, does not affect ambulation, and still allows independent completion of all activities of daily living for most patients. The utility of this health state was estimated to be 0.90. The utility of the complete loss of movement in the wrist, without pain, was estimated to be relatively high (0.95). The utility of a health state with only partial loss of movement in the wrist, as expected after either of the procedures which preserve movement, would be expected to be very high. The utility of a good outcome for either PRC or MID was set at 0.99. Estimates of disutilities of the procedures were based on the need for hospitalisation, discomfort associated with the intervention and the length of postoperative immobilisation. We assigned a disutility of 0.02 to fusion, since it required the insertion of an implant and the use of a bone graft, usually from the iliac crest. There is moderate pain and immobility of the hand associated with postoperative swelling which may persist for a period of three to six weeks, and there is a short period of immobilisation of the limb. The MID procedure also requires the use of a bone graft, wires inserted percutaneously for internal fixation and immobilisation for at least eight weeks. These combined factors were assigned a disutility of 0.03. PRC, which does not require either bone grafting or prolonged immobilisation, was given the smallest disutility, 0.01.
Results
Decision analysis indicated that the preferred surgical treatment of early osteoarthritis of the wrist was PRC (Table  IV) . Since the two procedures which preserve movement have similar expected utilities, both of which exceed the expected utility of arthrodesis by a substantial margin, it could be concluded that retention of movement is the key consideration in choosing the best form of treatment.
Sensitivity analyses to compare MID with PRC indicated that our conclusion that PRC is the preferred treatment is sensitive only to the disutilities assigned to the procedures and to the utility of a good result for PRC. Table V shows the results of sensitivity analysis. PRC and MID become equal if the disutility of PRC is increased to 0.021 from its estimate of 0.01, or if the disutility of MID is decreased to 0.018 from the estimated value of 0.03. The expected utilities of the two treatments are also equal if the utility of a good outcome after an uncomplicated PRC decreases to 0.9698 from its base value of 0.99. The two procedures are also found to be equal when the values of several other variables are changed, but only at levels which are unlikely to be encountered clinically Discussion Decision analysis clearly favoured surgery which preserved movement. The clinical corollary is that the value of painless movement, retained at the risk of a potential need for a second intervention, is greater than a painless but immobile wrist accomplished in a single, definitive procedure.
Our study shows how decision analysis can be used to establish a preferred form of treatment, and also to explore the variables which influence the conclusion. The assumptions underlying the values assigned to the variables in the model are tested by the sensitivity analysis. For example, the probability of a failure of an uncomplicated PRC, over a 20-year period, was given a value of 0.25. The sensitivity analysis for this variable indicated that the probability of a bad outcome after an uncomplicated PRC would have to be 0.42 for the expected utility of MID to be equivalent to that of PRC. One interpretation of this finding is that the shortterm morbidity of MID is a more important factor in determining the relative value of the two procedures than is the risk of long-term failure of PRC. This may be an important point which would be difficult, if not impossible, to evaluate even in a very long-term cohort study.
One flaw of the model is the assumption that all patients who have an unsatisfactory outcome after either of the procedures which preserve movement later undergo fusion. In reality, there is a subset of individuals who decide against any further treatment if the first procedure fails. Decision-analysis models cannot accommodate potential outcomes of this nature. The model also assumes that the bad outcomes with any of the procedures occur simultaneously at one point in time. A more realistic model would allow for a gradual accumulation of bad outcomes over time, since it is possible that failures of treatment after either a MID or a PRC are a function of time. Analysis of this kind of phenomenon is more complicated and requires the use of Markov processes, an advanced method in decision analysis. In most instances, there is no qualitative difference between the result obtained with these methods and conventional decision trees. 21 We conclude that a decision-analysis model indicates that the preferred surgical treatment of early osteoarthritis of the wrist is PRC. This model suggests that the minimal perioperative morbidity associated with this procedure more than counterbalances a relatively high risk of eventual failure, even if the failure necessitates further surgery in the form of fusion.
Decision analysis is a useful method for helping to establish clinical policy when more conventional research methods, such as randomised trials, may not be available or feasible.
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